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This repcrt was prepared by The Dow Chemical Company
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Metallurgy Process", and was administered under the
direction of the Materials Laboratory, Directorate of
Research, Wright Air Development Center, with Lt H. A.
Johnson acting as proJject engilneer.
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ABSTRACT

The effect of melt and Mg-Al pellet additions on
the properties of Mg-Zn-Zr pellet and/or ingot fabrications.
was investigated in an attempt to develop higher strength
sheet and extrusion alloys. The best combination of proper-
ties of Mg-Zn-Zr + Mg-Al pellet extrusions is obtained with
ZK60; addition of Mg-Al decreases the sensitivity of the
extrusion to annealing but does not improve the overall
properties of the base alloy. Certain melt additions, how-
ever, do result in significant improvements in the proper-
ties of Mg-Zn-Zr. In extrusions, QZ66 containing 2% MM
offers much higher strength, particularly CYS, than ZK60,
while in sheet ZK40 containing 1%MM and 1% Th has proper-
ties vastly superior to AZ31. The following shows this
comparison on the bhasis of laberatory work.

Extrusions* - T5 Sheet* - H26
1000 psi 1000 psi
Alloy %E ﬁS"_CYg_—'PE_ TS Alloy ®E T¥S 0C¥S 715
ZK60 9 45 38 53 AZ31 8 36 31 43

Qz66-2MM 6 49 50 58 ZE41-1Th 8 40 40 49
*PFabricated from ingots
Comparative properties of extrusicns made from pellets and
ingot clearly indicate a va=yv marked superiority of the
pellet fabrications. Melt additions, however, have smaller
effects in pellet than in ingot fabrications.
PUBLICATION REVIEW

This report bas been reviewed and is approved.

o
{1198,/
\Galonel, USAF
/ Chief, Materials laboratory
“ 4~  Lirectorate of Research
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INTRODUCTION

This 1s the final report or. Tart 1 of Contract No.
AF{500)19147 sponsored by the Materials Laboratory, Director-
ate of Research, W.A.D.C.and covers the period July i, 1i3$53
through December 31, 1954,

This work 1s & continuation of the development of
high strength magnesium alloys, primarily through alloy studies.
The emphasis in previous wo§kéﬁas been primarily in the eval-
uation of commercial alloys fabricated from pellets, develop-
ment of extrusion and rolling techniques to obtain optimum
properties, and the co-extrusion of pellet mixtures to obtain
alloys that cannot be produced by conventional alloying {due
to solubility or incompatibllity Jlimitaticns). The present
work was directed primsrily toward the development of new
high strength alloys through selected melt additions to
Mg-Zn-Zr base alloys. The Mg-Zn-Zr system was selected as a
basls for new alloys because of its excellent combination of
properties in extrusions. The new alloys have been studiled
in pelilet and/or ingot fabrications in order to dstermine
the relative merits of each and to carry out the survey in
the most complete, yet most efficient, manner.

EXPERIMENTAL RESULTS
A) W on ZK and ZK + 12433
elle xtrusions (Table 1, Filg. 1)

1) All the Mg-Zn-Zr base alloys have good extrud-
ability, but co-extrusion with 12% A33 generally results in
surface tea.ing.

2) The strength, ductility, toughness, and corrosion
rate of Mg-Zn-Zr pellet extrusions generally increase with
increasing Zn content.

3) The unusually high strength (particularly TYS)
and low ductility of ZK10 pellet extrusions cbserved 1n past
woré Las confirmed a2nd is attributed to the presence of con-
siderable amounts of oxide and second phase (probably Zn-Zr)
in the structure. (Fig. 2)

4) The addition of 12# A33 increases the strength,
decreases the ductility and toughness, and reduces the sen-
sitivity of the Mg-Zn-Zr pellet extrusivns to annccling.

WADC TR 54-83 Pt 1 1
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B) Effect of Melt Additions to ZK60 and
ZKo0 + EIEG (Tables 2-5)

Extrusion

1) The hot short speed of ZK6C pellet extrusions 1is
decreased drastically by ihe addition of only 0.2% Ca and
slightly by 1% additions of Th, MM, and Ag. This reduction
in hot short speed is directly proportional to the content
of the additions.

2) The addition of Th offers a small but significant
increase in the CYS of ZK60 and a somewhat larger increase 1in
TYS. The optimum Th content appears to be about 0.8%.

3) The addition of Th is more beneficial to the pro-
nerties of ZK60 than those of ZK10 pellet extrusions.

B) Addition of MM and Ca increases the TYS of ZK6O
appreciably but has no effect on CYS. The effect of 1% Ag
1s negligible.

5) The co-extrusion of 5% A20 with these alloys
decreases the sensitivity of the extrusions to annealing
but does not significantly improve their properties.

6) Simultaneous additions of 1% Th, 1% Ag, 1% MM,
and 0.1% Ca are not significantly beneficial to ZK60 pellet
extrusions,

.7) MM and Ag interact favorably on the properties,
extrudability, and corrosiosn resistance of ZK60 pellet ex-
trusions, while MM and Ca interact unfavorably on properties.
Rolling

8) The hot rollability of ZK60 pellet extrusions
is drastically decreased by the addition of Ca and is
relatively unaffected by Th, MM, and Ag; cold rollability
is improved somewhat by all four of the additions but
particularly Ca and MM,

9) The properties of ZK60 sheet rolled from
pellet extrusions are greatly improved by all of the addit-
ions, particulerly Ca. Illustrative properties are presented
below:

. WADC TR 54-83 Pt 1 2
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Alloy %E

ZK60 8 39 25 47 8

ZK50-.2 Ca 9 4o 37 49 14

ZK50-1.3 Th 7 42 35 47 9

ZK30- .7 MM 7 4o 35 47 9

ZK50- .9 Ag T 45 34 51 5
Corrcsion

10) The corrosion rate of ZK60 pellet extrusions is
increased by Ag and decreased by MM and Ca. The corrosion
rate of ZK60-Th has varied considerably, but is apparently
equal to or slightly less than that of ZK60.

Metallography

11) The grain size of ZK60 pellet extrusions is not
appreclably affected by melt additions of Ag, Ca, MM, or Th
(Fig. 3).

C. Effect of Melt Additions on ZH61 Ingot and
Pellet Fabrications

Extrusion (Table 6)

1) The hot short speed of ZH61 extrusions 1s de-
creased by MM, Ag, Ba, Pd, Sr, and Cu, unaffected by Ca (.05%
max.), Cd, Bi, Pb, and Cr, and increased by L1 and Hg. The
effect of these additions is less in pellet than in ingot ex-
trusions.

2) The addition of 3-6% Ag to ZH61l results in a
considerable strength increase, which is greater in ingot than
pellet extrusions as illustrated below:

Ingot Pellet

1000 1000
Extrusions (T5) 2_ TYS CYS T§ CY TS
ZH61 b5 37 52 50 49 55
ZH61-6Ag 7 47 45 55 6 50 53 57

The Ag additions also irncrease the ageability of ZH61 and
decrease the sensitivity of 1its properties to extrusion con-
ditions.

3) The addition of Pb in pellet and Pb and Cu in
ingot ZH61 extrusions gives slight strength increases, while
the other additions have negligible effects or are slightly
deleterious.

WADC TR 54-83 Pt 1 3

I . e EUm————

arp

Pl

i




4) The properties of pellet extrusions are vastly
superior to those of ingot extrusions &s 1llustirated below
with the average properties of the ZX61l base alloys.

1000 psi
Extrusion E TYS EYS TS NBE-

Pellet 8 50 48 55 8
Ingot 8 45 38 51 11

Rolling

5) The poor hot rollability of cast ZH61 is sig-
nificantly improved by MM and Ag, relatively unaffected by
Hg, Cr, and Cd, and impaired by the other additions. The
co'4 rollability of ZH61 sheet 1s also significantly iaproved
by 24 MM.

6) The sheet praoperties of ZH61l are improved
greatly by 24 MM and slightly by Ag and Cu.

1000 psi
Alloy ¥E TYS CYE S

ZH61 7 27 21 38
ZHE61-2MM 8 38 35 46

Formabillity

7) The poor formability of ZH61 is improved con-
siderably by Ag, MM, L1, and Ba and slightly by Sr, Cu, and
Bi. These improvements are larger 1n ingot than in pellet
extrasions.

Corrcsion

8) The additions to ZH61l are generally either more
beneficlal or less deleterious in pellet than in ingot
extrusions. MM is beneficial, and Ag and Bl are deleterious
in both ingot and pellet ZH61 extrusions.

Metallography (Figs. 4-6)

9) The grain size of pellet is considerably smal’er
than that of ingot of the same composition before and after
extrusion,

10) Several additions increase compound rating, but
none markedly affect grain size of cast or extruded ZH61.

D) Mg-Ag-Zn-Zr Containing Th and Rare Earths (Table 7)
Extrusion

1) The hot short speed of the Mg-Ag-Zn-Zr alloys

is increased by the addition of Th or rare earths.

WADC TR 54-83 Pt 1 4
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2) Addition of Th and rare earths has little or no
effect on the properties of the base alloys.

3) 1Increasing Ag from 3 to 6% increases strength,
while increasing 7n from 3 to 6% slightly increases strength
and significantly desrcases the sensltivity of properties to
extrusion conditlons,

. Lowest Strength ¥ Highest Strength#*

~ 1000 psi 1000 psl
Alloy 4E TYS EYE TS ZE TS CY¥S TS
QZ66 - 2 MM 6 ks 45 54 5 49 55 58
QZ63 - 2 MM 8 ko 3y 51 7 42 49 4
Z2Q63- 2 MM 9 42 40 52 6 4 7 gs

*Obtained on laboratory extrusions - T5 condition

4) The large strength advantage (particularly CYS)
of QZ66-2MM, the optimum composition, over ZK60 extruded
under comparable conditions 1s illustrated below:

1000 psi
Extrusion - T5 %E TYS E?g TS

ZK60 3 45 38 53
QZ66-2MM 6 kg 50 58

t

Rolling

5) The poor hot rollability of the Mg-Ag-Zn-Zr
alloys, though unaffected by 14 MM or less, is impaired by
2% MM. The rollability of extrusions is better than that of
cast ingots and 18 unaffected by MM.

6) The addition of 2% MM is very beneficial to
the cold rollability of QZ66 and ZQ63 and slightly beneficial
to QZ63.

7) The hot z2nd cold rollability of QZ63 alloys 1is
superior to that of Q266 and ZQ63 alloys.

Formahility

8) All of the alloys except the QZ63 base (9-11t)
have reiatively good formability (5-T7t).

9) The poor corrosion resistance of Mg-Ag-Zn-Zr is
not markedly impaired by the addition of Th or rare earths.
Metallography

10) The addition of MM arpreciably increases the
solidus of the Mg-Ag-Zn-Zr alloys.

11) MM increases the compound rating of the Mg-Ag-Zn-Zr

ailoys but does not appreciahly affect gralin size.
WADC TR 54-83 Pt 1 5
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E) Mg-MM-Th-Zn-Zr (Table 8)

1) Addition of 1¥ MM and 1-3% Th to ZK40 and ZK60
extrusions appreciably increases strength but reduces hot
short speed to about 5 fpm.

2) Mg-MM-Th-Zn-2Zr ingots have a hot rolling range
cf about 200F and good cold iollability (about 50%).

3) The excellent sheet properties of these alloys
are consliderably better than those of AZ31. The al’.ys con-
taining 6% Zn have slightly better properties than those
containing 4% 2Zn.

1006 psi
Alloz iE_ ™S k_!g _'TS
AZ31 8 36 31 43
ZE31-1Th 8 40 ho 49
ZE41-2Th 6 5] 39 49
ZE61-2Th g 51 41 50
ZE61-3Th k2 42 50

4) The minimum bend radius of the extrusions is
6-8t.

5) The alloys containing more than 1% Th have
poor corrosion resistance, which appears to decreagse with
increasing Th/Zn ratio.

CONCILUSIONS

1) The best combination of strength, ductility,
and toughness of Mg-Zn-Zr + Mg-Al pellet extrusions 1s
obtained with ZK60. Addition of Mg-Al (A20 or A33) decreases
the sensitivity of the extrusions to annsaling but does not
improve the oversll properties of the Mg-Zn-Zr base.

2) Mg-Ag-Zn-Zr containing Th or rare earths to
improve workability are the highest strength extrusion alloys
developed in this work. Q766-2MM appears to te the optimum
composition. .

3) Mg-Zu-Zr alloys containing Th and MM have ex-
cellent sheet properties. The optimum composition, ZK40-1MM-
1Th, is considerably stronger than AZ31.

4) The properties of pellet extrusions are vastly
superior to those of ingot extrusions. Melt additions have
a greater effect in ingot than in pellet extrusions.

WADC TR 54-83 Pt 1 6
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EXPERIMENTAL WORK
A) Alloys
Melts of the desired composition were cast into
rolling or extrusion ingots and/or atomized into pellets.
The ingots were scalped to remove the cast surface, while
the pellets were used as produced., Samples taken from the
melt and/or the pellets were chemically analyzed.
B) Extrusion
The ingots and pellets were preheated, loaded into
the container, and forward extruded under varicus conditions
for evaluation of the allovs. The hot short speed was de-
termined by gradually increasing speed until hot shorting
was notsd on the extrusion. Samples were taken from the
extrusions for testing.
C) Rolling
Cast and extruded stock was preheated to the
rolling temperature and reduced to the desired thickness at
a reduction of generally 20-30%4 per pass. The sheet was
reheated to temperature as often as necessary to prevent cold
cracking. The sheet was then annealed and warm or cold
rolled to the final gauge. Samples for testing were taken
from sheet as rolled and annealed at various temperatures.
The hot rolling range of the alloys studied herein
was determined by rolling small slabs at temperatures be-
tween 400 and 100U¥. Sheet free from alligatoring, trans-
verse cracking, and serious edge cracking was considered
satisfactory. The cold rollability of the alloys was deter-
mined by cold rolling annealed shest at 1-2% per pass until
transverse or serious edge cracking was notecd. This total
cold reductlion was taken as the maximum cold rcliability.
D) Temper and Composition Designations
ASTM designations for the chemical composition of
the alloys have been used throughout the report. The desig-
nation conaists of not more than two letters representing
the alloyling elements present in the greatest! amount followed
by their respective percentages rounded off to whole numbers.
The letters are arranged 1n order of decreasing percentages
or in alphabetical order if of equal percentages. For example:

WADC TR 54-83 Pt 1 7
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Composition ASTM Designation

Mg-6Zn-.6 Zr-6Ag QZ66
Mg-6Zn-.6 Zr-1Th ZH61
Mg-4Zn-.6 Zr-1MM ZE41

Experimental alloys are designated by t%e base alloy followed
by the addition studied, such as

Mg-6Zn-.6 Zr-6Ag+2MM Qz66-2MM
Mg-62n-.6 2r-1Th+2Cu ZH61-2Cu

The temper designations used throughout the report and sum-
marized below are essentlally the same as those used for Al
alloys.

F - As fabricated T6-Solution heat treated then aged
T4 - Solution heat treated H26-Hard anneal (sheet
TS - Aged 0 - Soft anneal (sheet

E) Testing

Tension and compression tests were made according to
ASTM specifications with the exception that tenslle test bars
were 6 1/2" instead of a minimum of 8" long. The relative
toughness (in in. 1ba) of the fabrications was determined
from static notch-bend tests on a Tinius Olsen Stiffness Test-
ing Machine.

The formability of the alloys was obtained by find-
ing the minimum »adius at which s 96’bend could be made with-
out cracking. This value 1s reported as a ratio of the
minimum radius to the thickness of the sample (t).

The relative corrosion resistance of the alloys was
determined by alternate immersion of samples in 3% NaCl at
95F for 2 weeks. The corrosion rate 1s reported in necd units
(milligrams weight loss per square centimeter of surface area
per day on test).

DISCUSSION

A) Effect of Zn on ZK and ZK+12A33 Pellet Extrusions
A review of past worﬁbéﬁ the extrusion of Mg-Zn-Zr
pellets revealed that prcperties equivalent to those of
ZK60 were obtained at lower zinc contents (1.e. ZK10 and ZK20).
This work was underfaken in an attempt tc substantlate the
limited data obtalned in earlier wo#@? Co-extrusion with A33

WADC TR 54-83 Pt 1 8
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(Mg-33%A1) pellets was also included in the program to
determine the effect of interference hardening (precipitation
of AlsZr) on the mechanical properties. Six Mg-Zn-Zr alloys
(Table 1A) varying in Zn content from 1/2 to 6% were selected
for extrusion with and without 12% A33. .
All the Mg-Zn-Zr alloys have good extrudability,
but co-extrusion with 12% A33 generally results in surface
“earing (Table 1B). The mechanical properties plotted
a, inst Zn content in Fig. 1 ccniirm the past data in that
ZK10 has unusually high strength. 2ZK10 has higher TYS and
slightly lower CYS than ZK60 in the as-extruded (F) condi-
tion. The strength of ZK10 extrusions 1is only slightly low-
i ered by an anneal which Grastically lowers the strength of
ZK60. The poorer ductility and toughness of ZK10 in the F
2 and particularly the T4 tempers should be noted. In spite
" of the high tensileproperties and temperature resistance
exhibited by ZK10, 7ZK60 has the best combination of strength,
ductllity, and toughness as illustratea below:

ST Rt
. -

F T4
1000 psi 1000 psi
Alloy ¥E TYS 6?5" TS NBE Z%E TIS C ?g"“T_ﬁ NBE
ZK10 5 51 42 54 7 6 49 38 Eo 8
ZK60 10 45 45 652 10 18 32 32 44 16
ZK10-12A33 2 5852 50 53% § 6 52 4 54 8

ZK60-12A33 2 50 52 52 5 6 49 47 55 6

When both alloys are co-extruded with 12% A33, their
properties are equivalent. The addition of A33 decreases
ductility and toughness and increases strength. Annealing
the extrusions gives a better combination of strength and
ductility, but these properties are not significantly better
than those of ZK60O in the as-extruded condition. Although
the addition of 12% A33 appears to be beneficial to the T4
properties of ZK10, it did not improve the overall combina-
tion of properties of the other Mg-Zn-Zr alloys.

Metallographic examination ¢f the pellist z2xtrusions
revealed that ZK10 contained a considerable amount of oxide
and a second-phase tentatively ldentified as Zn-Zr compounds.
These materlals are apparently responsible for the unusual
properties of ZK10. Zn-Zr compound, present either as large
WADC TR 5%-83 Pt 1 9
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particles or fine precipitate, was found to a varying degree
in all of the alloys. The amount of thils phase pressent in
the extrusion correlated gaalitatively with the properties
observed - lower ductility and higher strength, particularly
TYS. Photomicrographs of the microatructure of the extrusions
are shown in Fig. 2.

In later work new batches of ZK10 and ZK60 pellets
were atomized and extruded under comparable conditions. The
properties listed below show that ZK60 is superior to ZK10
and that the high strength previously obtained on 2K10 was
apparently due to heavily oxidized pellets containing a con-
siderable amount of Zn-2r compounds.

1000 psi
Alloy FE TYS C¥S I8
ZK10 4 43 37 48
ZX60 9 43 43 52

The corrosion rate of the Mg-Zn-Zr alloys listed
in Table 1B are erratic due to variation in purity of the
pellets. The rates of ZKOO, ZK30, and ZK60 appear suffic-
lently accurate to indicate that corrosion resistance decreases
with iIncreasing Zn content.

B) Effect of Melt Additions to Mg-Zn-2r

1) 1initial Survey

Past alloy survey woré4zas thoroughly reviewed in
an attempt to seliect the additions most likely to improve
the properties of ZK60. Four elements, Th, MM, Ag, and Ca, -
were selected. Co-extrusion with A20'was included in the
program in hopes of obtalning strength improvements through
interference hardening. The concentration of the additiomns
was set at 2% Th, 1¥MM, 1%¥Ag and O0.1%# Ca. The analyses of
the alloys (Table 2A) show that the zinc content of all the
quaternary alloys, particularly ZK60-MM, was low. The alloys
were extruded into strip and then rolled to evaluate them in
the form of sheet and extrusions.

The addition of 0.2% Ca decreases the hot short
1imit of ZK60 from 30 to 6 fpm and its hot rolling range
from 500 to 50F (Table 2B). The alloys containing Th, Ag,
and MM were satisfactorily extruded at 20 fpm and hot rolled
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over a range of at least 300F. Co-extrusion of these alloys
with 5% A20 occasionally resulted in a poorer extruded surface
but had no effect on hot rollability or hot short spzed. Cold
rollabiiity of ZK60 was apprecilably improved by all of the melt
additions (particularly Ca and MM) and considerably desreased
by A20 additions.

The mechanical properties of aged extrusions and
cold rolled strip are presented in Table 2C. The properties
of ZK60 are improved considerably in sheet and slightly in
extrusions by the melt additions. The properties of ZK30-MM
given below, though lower than ZK60, are very good in view of
its lower Zn content. All of the additions increased the CYS
of ZK60 sheet by 10,000 psl with no loss of duetility or
toughness,

Extrusions -F Rolled Strip - H26
1000 psi 1600 sl

Alloy %E —m TS gE TYS CYS NBE
ZK60 14 3 45 54 g 39 25 #7 8
ZK50-.2Ca 11 49 48 &6 9 40 37 49 14
ZK50-1,3Th 12 4 48 55 7T 42 35 47 g
ZK30- , TMH 8 47 43 55 7 43 35 a7 9.
ZK50-.9Ag 1% 43 47 52 7T 45 34 51 §

ZK50-Ca has the best comblnation of mechanical properties but
has poor workabllity. The Mg-Zn-Zr alloys containing MM, Ag,
Th have s=lightly lower properties than ZK50-Ca but better
workabllity. The addition of A20 1s not beneficial to the
properties of either sheet or extrusions.

The microstructure of the pellet extruslions is
shown in Fig. 3. It may be seen that the melt additions
have little, if any, effect on the fine grain size of the
ZK60 vase. The stringers of large grains present in some
of the photomicrographs are apparently due to the recrystal-
li1zation of some of the pellet particles during extrusion.

The corrosion resistance of the ZK60 base 1s
slightly improved by Ca, MM, and Th and decrecased by Ag.
Addition of 5% A20 results in significantly higher corros-
lon rates.

Th and MM appear to be the best overall additions
to ZK60. Ca and Ag have desirable effects on mechanical

WADC TR 53-83 Pt 1 11




IR o IR P AR e A

il b TR

properties; but Ca is deleterious to hot workability,and Ag
lowers corroslion resistance. Although Th yields slightly
better properties than MM in extrusions, they are equivalent
in rolled strip.
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Since Th improved the properties of ZK60 pellet
extrusions, a factorial experiment was run to determine the
effect of varying the Zn and Th content.. A factorial exper-
iment was chosen in preference to a conventional experiment
in order to determine the interaction between Zn and Th and
to ascertain the significance of the results. Extrusion
variables, as well as Zn and Th ¢ontent, were included in
order to evaluats the Mg-Th-Zn-Zr alloys over a wide range
of conditions. The Zn content was set at 1.5 and 6%, while
Th levels of O and 2% were selected. The actual melts,
however, varied considerably from the nominal compositions
(Table 3A). The Th content was quite low (1.3 - 1.4%) in
both Th alloys, and the Zn content of the nominal ZK60-2Th
alloy was 4. 4%.

The extrudability,average mechanical properties,
and corrosion resistance are presented in Table 3B. The
addition of Th is deleterious to the extrudabllity of
Mg-Zn-Zr, rarticularly at low Zn (Z2K10). Although ZK1O
has a much higher hot short 1limit than ZK60 (80 compared
to 30 fpm), both 2lloys containing Th have not had comparable ex-
trudability, hot shorting at about 20 fpm. The effects and
interaction of Zn and Th on the mechanical rroperties and
corrosion resistance of the Mg-Th-Zn-Zr alloys are given
below. The properties of ZK#0-Th have been adjusted to
compensate for its low Zn content. The probability that
an effect 18 real 1s included in parentheses. An effect
having a probabiiity éf about 95% or greater is considered
significant.

*csion

Factors E VS Rate med
n L + + o o

Th 505.3%) : +1.55551; i 557: o; Bitoh) 1R . 35 265142

Zn-Th

Interaction -3.8(92) +0.5(10) +1.2(60) +0.2(08) -1.5(T1)

WADC TR 54-83 Pt 1 12




The corrected results indicate that increasing Zn
from 1.5 to 6% results in & large and significant increase
in CYS, T3, and corrosion rate and a alight rise in ductility
and TYS. The addition of Th results in a significant increase
in CYS and possible increases in ductility, TYS, TS, and cor-
rosion resistance. The Zn-Th interaction gives the difference
in the effect of Th at high (2KEO) and low Zn (ZK10) or the
equivalent effect of Zn at high (1.3%) and low (0%) Th. The
results show that the effect of Th on TYS and TS 1s independ-
ent of Zn content; however, its other effects are not. The
addition of Th increases ductility to a greater extent in
ZK10 (+5.3%) than ZK60 (-2.3%), results in a larger gain in
CYS in ZK60 (3800 psi) than ZK10 (1400), and deoreases corro-
sion rate more in ZK60 (-2.8 mcd) than ZK10 (+0.2 med).

It 1s interesting to note the very large increase
in CYS when the Zn content 1is increased. This clearly .
demonstrates the superiority of ZK60 over ZKi0. The addit-
ion of Th 1is more benefiecial to the properties of ZK60 than
ZK10 and offers appreciable gain in mechanical properties and
corrosion resistance with a small loss in extrudability.

3) Simultaneous Additions of Th, MM, Ca, and Ag to ZK60

Another factorial experimééfbkas run to determine
the effects and interaction of Th, MM, Ca, and Ag on ZK60.
This work was done to more thoroughly evaluate these addit-
ions and to explore the possibility of obtaining an alloy
system with better properties than those of the simple quat-
ernaries. The additions to ZK60 were set at the following

*

HE ‘ﬁ’*‘% RS 0 O R R e R T 4

levels:
Addition Low Level High Level
Th g; 12
MM 1
ca 0% 0.1%
Ag 0% 1%

The Ca content was set at 0.]% since previous work
had indicated 0.24% Ca was very deleteriocus to extrudability.
Sixteen alloys (Table 4A), combinations of the above additions,
were atomized and extruded into strip for evaluation of ex-
trudability, mechanical properties, and corrosion resistance
(Table 4B). The overall effects and the significant inter-
actions presented below show that the additions have little,

WADC TR 54-83 Pt 1 13




if any, effect on strength properties. Ductlillity is signif-
icantly decreased by MM and appreclably increased by Ca.

These two additions also increase TYS slightly. The hot short
limit 1s lowered appreciably by all the additions, whille
corrosion rate 1s increased slightly by Ag and decreased sig-
nificantly by MM.

Effects of Simultaneous Additions

1000 psi Hot Short Corrosion
Factor gg TYS cYs T8 Speed(fpm) Rate(mcd)
Mean 6. 49.0 47 .1 53.3 18.5 2.05
Th(0 —>1) -0.4(30) -0.0(02) -0.7(52) -0.5(44) -3.8(85) -0.1(10)

Cal0—> .1) +1.6(83) +1.2(74) -0.2(13) +0.5(44) -4.2(90) +0.2(14)
Ag(0—> 1) -0.5(33) -0.5(38) +0.5(39) -0.2(17) -2.2(62) +0.8(%9)
MM(0 = 1) -2.2(94) +1.4(80) -0.7(52) +0.1(06) -1.5(44) -1.6(89)
Ca -MM int. -3.1(99) -1.7(89) -1.2(74) -1.6(93) +1.8(%0) -0.1(06)
Az -MM int. -0.2(13) +2.3(96) +2.0(95) +1.9(97) +3.2(79) -0.6(46)

Although none of the alloys were significantly better than the
ZK60 base, two important interactions were found. The Ag-MM
interaction 1s favorable to strength, extrudabllity, and corro-
sion resistance. This means that Ag or MM has either a more
beneficial or less detrimental effect on strength, extrudability,
and corrosion resistance if the other 1s present. This 1s the
only interaction which resulted in a significant improvement

in strength. On the other hand, Ca and MM interact unfavor-
ably on mechanlical properties. This means that Ca or MM 1is
either less beneficial or more detrimental to mechanical pro-
perties if the other 1is present than if the other 1s absent.

4) Final Evaluation of Th, MM, Ca, and
Ag AddTtTons to ZK60

The negligible effects of Th, MM, Ca, and Ag additions
(poth single and sizultaneous) to ZK60 were surprising since
earller work indicated that an appreciable improvement in
properties could ba obtained by such additions. In order to
finally evaluate the additions selected alloys weire extruded
nnder carefully controlled conditions and tested. Several
new alloys (Table SA) were atomized and included i this work
to determine the effect of Th content and to check the proper-
ties of the ZK60 base.

WADC TR 54-83 Pt 1 14

e e e
T SR

e e e




T T A R S g s i N
«

aaden

The properties of the alloys, listed in Table &C,
show that Th offers a marginal improvement in the astrength
of ZK60 extrusicns. The optimum benefit is derived at about
0.84 Th. Larger additions decrease strength and ~xtrudability.
It 1z interssting ¢ note that the venellt o
CYS of ZK60 varies from -1,000 to +4,000 psi and averages
2,000 psai. This marginal benefit of Th to ZK60 explains the
variation observed in previous work. A relatively small
variation in extrusion conditions or allcy composition wc:ald
be sufficient to overshadow the small beneficial effect of
the Th. Single additions of 1% MM, 1% Ag, and 0.1% Ca are
not beneficial to ZK60. :

All of the additions - Th, Ca, and MM - decrease the
hot short speed of ZK60 (Table 5B). The addition of Th causes
a reduction in extrudability directly proportional to 1its
concentration in ZK60 - about 5 fpm for each per cent.

The formability of the tase is improved by single
additions of 1.2% or more Th, 1% MM, 1% Ag, and 0.1% Ca. Ca
gives the greatest improvement in formability but is the most
deletrious to extrudability. The variation found in the
corrosion rate is probably due to quality and not necessarily
the additions. It appears likely, however, that Ag increases
the corrosion rate of ZK60.

C) Effect of Melt Additions to ZH61 Ingot and
Pellet Fabrications

1) Introduction

Melt additions of Several elements - Ca, MM. Az. BRa,
cd, Pd, Li, Sr, Cu, Bi, Pb, Cr, and Hz - were made to ZH61 in
an attempt to improve the properties of the wrought alloy.
ZH61 was selected as the base alloy instead of ZK60 because
of its slightly higher strength and better rolling character-
istica. The additions were studied in both ingot and pellet
fabrications to compare their effects.

The desirsd elements were added to melts of ZH61,
ingots for rolling and extrusion were cast, and the remainder
of the metal was atomized. Samples for chemical analyses
(Table 6A) were taken from the pellets and several of the
ingots. In general good agreement in composition was obtained.
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The soluble Zr content of the ZH51 was considerably lowered
by 1% Li, and 1% Ba,while the addition of Li also lowered the
Th content. 1Ingots and pellets were extruded under equivalent
conditions and evaluated for mechanical properties, extruda-
bility, formability, and corrosion resistance. The alloys

in ingot form were rolled to sheet for evaluation of hot and
cold rollabllity and mechanical properties,

2) Extrusion

The hot short speed of ZH61 ingot extrusions (Table
6B) 1s decreased by the addition of MM, Ag, Ba, Pd, Sr, and
Cu and increased by the addition of Li and Hg. The elemenfs
generally have smaller effects on the hot short speed of
ZH61 pellet than on ingot extrusions.

Properties of aged extrusions (Table 6C) indicate
that Ag i1s, by far, the most beneficial addition to ZH61.
Although Ag increases the tensile properties only slightly,
it raises the CYS considerably. The increase in CYS varies
almost lineraly with increasing Ag content up to 6% Ag. Tough-
ness of ZH61 is unaffected by 3% Ag but is seriously decreased
by 6% Ag. It is interesting to note that the benefit of Ag
is about twice as great in ingot than in pellet extrusions as
illustrated below.

;ggot Pellet

T000 psi 1000 psi
Extrusions (T5) %E TYS ggg TS ¥E TYS §g§ TS
ZH61 9 45 37T 52 8 50 49 55
ZH61-6Ag 7 47 45 B85 6 50 53 57

The cther additions have small; i1f any, effect on
the properties of ZH61. Cu and Pb in ingot and Pb in pellet
extrusions appear to offer slight strength increases. Li,
Sr, and Bl in ingot and MM, Ba, Sr, Cu, and Ri in pellet ex-
trusicns are slightly deletrious. Adcditional work would be
required to determine whether these slight changes in proper-
ties are signifiicant. Toughness 1s reduced by MM, Ag, Ba,
Sr, Cu, and Bl and increased by L1i. Oomparison of the pro-
perties of ingot and pellet extrusions shows that the latter
have higher strengths, particularly CYS, and lower toughness.
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The comparative properties of all the pellet and ingot extru-
sions are given below:

1000 psi
Extrusion ZE TYS ﬁYg TS NBE
8

Pellet 50 48 55 8
Ingot 8 45 38 51 11

This advantage in strength of pellet over ingot extrusions 1is
somewhat greater at low sxtrusion reductions and smaller at
high reductions., It may also be noted that the melt addit-
ions are less benelicial to pellet than to ingot extrusions.
The addition of 6% Ag, for example, increases the CYS of

ZH61 8,000 psi in ingot extrusions and only 4,000 psi in
pellet extrusions. Several other additions which are slightly
beneficial in ingot extrusions have negligible effects 1in
pellet extrusionc.

Because of the more beneficial effect of the addit-
ions in ingot than in pellet extrusions, future alloy survey
work will be done with ingots,and the promising =2lloys will
be checked in pellet fabrications.

3) Rolling

The hot rcllability of ZH61 ingota (Table 6B) is
generally poor. Although the ZH61 base can be hot rolled
over a reasonably wide range (200F), it experiences surface
checking. The poor surface of ZH61 sheet 1s improved by
two elements - 2-4% MM and 3-6% Ag. Both additions narrow
the rolling range of ZH61 but eliminate surface checking.

Hg, Cr, and C4d have no effect, while Pd, Pb, and Cu narrcw
the rolling range of ZH61 with no surface improvement. ZH61
containing Ca, Ba, Li, Sr, and Bi could not be successfully
hot rolled at any temperature within the range investigated
(600-900F). The cold rollability of ZH61 1s improved con-
siderably by 2% MM, unaffected by Cd, Pd, Cu, Pb, Cr, and
Hg, and decreased by Ag and 4% MM.

The mechanical prorerties of sheet given in Table
6D reveal that the addition of 2% MM is very benef
ZH61.
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1000 psi

Alloy g2 TS ¥ I

ZH61 7 27 21 38

ZH61-2MM 8 38 35 46
The above data illustrate the large strength incresases that
are obtaired with no loss of ductility. The addition of
Ag and Cu results in smaller strength increases, while Cd,
Pd, and Cr have no effect.

4) Formability

The minimum bend radii of the ingot and pellet extru-
sions are listed in Table 6B. Since formability varies some-
what with extrusion conditions, a range 18 g:ven. The poor
formability of ZH61 ingot extrusions is improved considerably
by Ag, MM, Li,;, and Ba and slightly by Sr, Cu, and Bi. cd,
Pd, Pb, Cr, and Hg have little or no effect. The additions
are less beneficial in pellet extrusions; Ag, Li, and possibly
Cu and Bl are beneficial, while MM appears deletriocus to form-
ability.

5) corrocsion

The corrosion rates of the extrusions,given in Table
6E, indicate that in general pellet extrusions are equal to
or better than ingot extrusions. The only notable exceptions
are ZH61-6Ag and ZH61 (high reduction only). On the other
hand, many of the additions which are deletrious in ingot
extrusions have no effect or are even slightly beneficial
in pellet extrusions. This is best illustrated by ZH61-2Pb,
which has a corrosion rate of 0.5 - 1.2 med in pellet extru-
sions and 100-200 med in ingot extrusions. MM is the mosat
beneficial addition to ZH61,while Ba, Li, and Pb are possible
additions for improved corrosion resistance of pellet extru-
sions. Ag and Bi are detrimental to both ZE61 ingot and
pellet extrusions, while Cu, Pb and Pd may increase the
corrosion rate of the former.

6) Metallograrhy

The microstructures of the cast ingot and selected
pellet alloys are shown jn Figs. 4 and 5. The fine grained
ZH61 ingot (.002"), is decreased slightly by Ca (.001") and
possibly Cr (.0015") and increased by Cd {.003"), 2% MM (.004"),
and Bi (.005"). The other additions have little or no effect
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on grain size. Additionazl second phase material 1s present
in ZH61 containing MM, Ag, Pd, Sr, Cu, and Pb. Considerable
porosity 1s present in the ZH61-Bi alley. Solution heat
treatment has a negligible c{fect on graln size and results in
an zppreciable reduction in second phase constituent only in
ZH61-Ag. The grain size of the pellets (Fig. 5) 1s about
0.0002" or one tenth of that of ingot. It is also inieresting
to note the greater amount of second phase in pellets than in
ingots. These characteristics of pellets are apparently due
to their fast cooling rate.

The phoiualicrographs in Fig. 6 show that extrusions
§ made from pelleis have a finer grain size than those fabri-
F cated from ingots. This 1s particularly true at low extru-
k sion reductions, which are not sufficient to completely
| refine the grain size of the cast ingot but are adequate to
g produce a fine grained pellet extrusion. The grain size of
the ZH61 ingot extruded at high reductions is quite small
(.0001"), but that of the pellet extrusion 1s even smaller--
.00005" - .0001" at low reductions and <.00005" at the
high reductions. The finer grain size of the pellet extru-
sions 1is responsible for their higher strength (particularly
i CYS).

The ZH61-2MM and ZHK61-6Ag extrusions are included
in Fig. 6 to 1llustrate the size and distribution of a
second phase., It 1s readlily apparent that the second phase
is much finer and more evenly distributed in pellet than in
ingot extrusions. This 1s another result of the finer
structure in pellets than in ingots. The finer size and
better distribution of seccend phase material in pellet
extrusions may be the major factor in the better corrosion
resistance of alloys extruded from pellets than from ingots.

D) Mg-Ag-Zn-Zr Alloys Containing Th and Rare Earths

1) Introduction

The ravorable interactions of MM and Ag in ZK60 and
the excellent mechanical properties of ZH61 + 3-6 Ag led to
a further study of thess 2alloys. The additions of Th, MM,
and Di*were made to one or more of the following base alloys-
Qz66(6 Ag - 62n - .7 2r), QZ63 (6 Ag - > zn - .7 4r), and
2e63 ( 3 Ag - € Zn - .7 2r). The analyses of the alloys

¢
t *didymium
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studled are given in Table 7A. These alloys were cast into
ingots for extrusion and rolling. The extrusion program was
completed, but time did not permit the r¢lling of all of
the alloys and the determination of the properties of the
most promising alloys in pellet extrusions.

2) Extrusion

The addition of rare earths or Th 1s beneficial to
the extrudability of Mg-Ag-Zn-Zr alloys containing 6% Zn
(Table 7B). The hot short speed of QZ66 and ZQ63 1s increased
frcm 6 to 12 and 20 fpm respectively. Although MM has little
or no effect on the extrudability of QZ63, Th 1s beneficial,
increasing the hot short speed from 12 to 20 fpm.

The alloys were evaluated under a varlety of extru-
slon conditions to select the one with the best combination
of properties. The lowest and highest strength properties
obtalned for representative alloys are given in Table T7C.

It 1s interesting to note that MM, D1, and Th have llttle,

if any, effect on the mechanical properties of the bzase
alloys. The Zn and Ag contents, however, heve very pronounced
effects. Increasing the Ag content from 3 to 6% results in

a significant increase in strength as illustrated by Qz66

and 2Q63. Increasing the Zn content from 3 to 6% greatly
improves the range of mechanical properties obtained in the
extrusions.

Lowest Strength#* Highest Strength*
pal

1000 1 1000
Alloy g8 TS o5 M5 g TS Y5 TS
QZ66-2vM 6 45 45 54 5 49 55 58
QZ63-2MM 8 40 34 51 T 45 4o sX
ZQ63-2MM ] 4o 40 52 6 46 47 55

*Obtained in laboratory extrusions-T5

The QZ66 alloys are only slightly better than the QZ63 alloys
at the higher strength level but are vastly superior at the
lower strength level. Optimum properties are obtained in

the T5 temper although Q265 containing rare earths or Th

also has good properties in the T¢ temper. The large strength
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advantage (particularly CYS) of Qz66-2MM, the optimum compo-
sition, over ZK60 extruded under comparable oonditions is
1llustrated below:

1000 psl
Extrusions - T5 TS CYE TS

ZE c¥s TS
ZK60 9 45 38 53
QzZ66-2MM 6 49 50 658
3) Rolling

Additions of MM decrease the hot roliing range of
cast Mg-Ag-Zn-Zr alloys (Table 7B). Up to 1% MM has 1little
effest, bui 2% MM is sufficient to reduce the rolling range
SOF or more. The ZQ63 alloys could not be satisfactorily
hot rolled from the cast ingot, while Q266 and QZ63 had
narrow rolling ranges (50 and 100F, respectively). The hot
rollabllity of extiruslons is better than that of cast ingots.
All of the Mp-Agz-Zri-Zr extrusions are rollable, thelr range
varying from S5OF in QZ63 - .2MM to 150F in the QZ63 base
alloys. Addition of up to 2% MM has no appreciable effect
in QZ66 and QZ63 and is slightly beneficial in ZQ63.

The addition of MM is beneficilal to the cold roll-
abllity of Mg-Ag-Zn-Zr sheet produced from extrusions, par-
ticularly those containing 6% Zn. Up to 1% MM has only a
slight effect on the cold rollability of QZ66 and ZQ63, but
the addition of 2% MM results in a large improvement. In
spite ¢ ihe large increase in the cold rollabllity of the
Mg-Ag-6Zn-Zr alloys by the addition of 2% MM, the QZ63 base
alloys are still better as illustrated below:

Base Allocy o.gg MM 12 MM gz MM

QZ66 22 24 35
QzZ63 37 4o 45
ZQ63 22 29 37

4) Formability

Cold formability, like mechanical properties, varies
with extrusion conditions. The minimum bend radii of these
alloys generally vary from about 5t at the lower =trength
level to sbout 7t at the higher strength level (Table 7D).

WADC TR 54-83 Pt 1 21




A M

i

-

N A A

TSN S e et S ot . <

All the alloys except the QZ63 base have a very narrow
transition range from poor to good formability. In a given
condition they may fracture completely at 4t but bend satis-
far .orily at 5t. The QZ63 base, however, has a wide trans-
it.on range (about 5-10t) in which slight but definite surface
cracking is found. The addition of MM and Th eliminates the
surface checking and reduces the minimum bend radius of

QZ63 to values comparable to the other alloys. In QZ66 and
ZQ63 alloys Th and rare earths have little, if any, effect.

5) Corrosion

These alloys have comparatively poor corrosion
resistance (3-4 mcd). Additions of MM appear to be deletrious
in small amounts {0.2%) but have little or no effect in larger
concentrations (Table 7D). Q266 and ZQ63 containing 2% MM
and QZ6Z-1MM, for example, have corrosion resistance equiv-
alent to the base alloys. Th and D1, although studied to a
lesser extent, appear to have similar effects. 1t is inter-
esting tc note that ageing the extrusions generally lowers
the corrosion rate.

6) Metallography

The cast microstructure of the ailoys illustrated
in Fig. 7 shows that the addition of MM increases the com-
pound rating of the alloy in proportion to its concentration.
Increasing the Ag or Zn content from 3 to 6% also increases
the amount of compound present, particularly in the as-cast
condition. The grain size of the alloys is quite small (about
0.001") and varies little, if at all, with varying alloy con-
tent and solution heat treatment. Solution heat treatment
results in considerable solution in the allcys containing
low MM (0.2%). The QZ63 base, for example, is almost com-
pletely homogenized. At higher MM contents the compound
rating is only slightly decreased by solution heat treatment.

is apparently indicates the Ag and Zn compounds are readily
dissolved, while thcse of MM are not. The soluticn heat tiraat-
ment almost completely eliminates the pranounced alloy gradients
which exist in the as-cast condition.

The effect of MM on the solidus of cast ingots and
extrusions, determined at intervals »f 25F, 13 illustrated
below:
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Cast Ingots Extrusions
Base Alloy 0.2MM Iﬁﬁ oMM 0.2MM  1MM oMM

Qz66 8c0 825 go0* 875 875 900
QzZ63 825 925 950 900 950 950
2Q63 750 800 900 875 925 925

#Very slight melting at 850F

This increase in solidus 1s apparently responsiblé for the
higher hot short speeds of the extrusions containing MM.
E) Mz_MM-Th-Zn-Zr

The beneficial effect of MM on the rollability and
properties of ZH61 sheet produced from cast slabs led to a
study of this alloy system. Mg-MM-Th-Zn-Zr ingots contain-
ing 4-6% Zn, 14MM and 1-3% Th were evaluated as extrusion
and sheet alloys. Their chemical analyses &are given in
Table BA,

All of the alloys have low hot shcrt speeds {Table
8B) and should be extruded at 5 feet per minute or less.
The mechanical properties of the extrusions (Table 8C) are
good. The results in Table 9A show that the alloys have
appreciable higher strength (particularly TYS) than ZK60.
Since these alloys have poor ageablility, theilr property
advantages over ZK60 are somewhat greater in the as-extruded
(F) condition.

The alloys may be satisfactorily hot rolled over
a range of about 200F. Solution heat treatment improves
the rollability of the alloys with a high Th/Zn ratio. Cold
rollability is excellent (50%) and varies only slightly
among the aliloys studied.

The properties of sheet given in Table 8C are
illustrative of th: excellent combination of strength and
ductility that can be produced in these alloys. All of the
alloys have considerable higher strength, particularly CYS,
than AZ3]1 rolied under similar conditions.

1000 gsi

Alloy %E S

AZ3] 8 26

ZE41-1Th 8 40 40 49

ZE41-2Th 6 41 29 49

ZE61-2Th 9 431 43 50

ZE61-3Th 8 42 42 50
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The only major difference in the properties of the Mg-MM-Th-
Zn-Zr alloys is the lower ductility of the ZE41-2Th alloy.
The alloys containing 6% Zn appear to have slightly higher
strength.

The minimum bend radius {(Table 8D) of the extru-
sions varies from 6 to 8t. ZE61-3Th appears to have the best
formability.

The corrosion resistance of ZE41-1Th is good,but
that of the other alloys is poor. The corrosion rates of
the alloys increase with incressing Th ¢ontent and Th/Zn
ratio.

ZE41-1Th appears to be the optimum composition of
these alloys because of its good corrosion resistance and
equivalent workability and mechanical properties.
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TABLE I
MG-ZN-ZR + C,12 A33

A) ANALYSES

. Nominal Soluble Insoluble
Alloy No. Composition % Zn %Zr BZr Al
71422 ZK00 0.53 0.59 0,04 >
Tia2} ZK10 1.23 c.61 0.03 P
T1426 ZK20 2.2 0.59 0.04 A
71428 ZK30 3,21 0,58 0.02 o
71430 ZK40 3.1 0,62 0.04 I
71432 ZK60 5.5 0.59 0.04
66504 A3> ___ 32.9
H
g - Mixed Pellets -
§ 71423 ZKOO (71422) + 12% A33(66504)
i T1425 ZK10 (71424) + " i "
! 71427 2K20 (71426) + " " "
f 71429 ZK30 {(71428) + " B o
71431 ZK40 (71430) + " e 2
71433 ZK60 !T71432) + " a i
] B) EXTRUDABILITY* AND CORROSION RATE
Alloy No. Composition Extrusion Surface Corroslion Rate
Ti422 ZK00 Gocd 0.20 med
T1423 ZKOO+12A33 Light tearing ————
Ti424 ZK10 Good 3.41
71425 ZK10+12A33 Occasional tearing -——
71426 ZK20 Good 1.29
T1427 ZK20412A33 Good ————
71428 ZK%0 Good 0.49
71429 ZK30412A33 Good ————
71430 ZK40 Good 23.5
71431 ZK40+12A33 Light tearing -——
71432 ZK50 Good 0.85/2.0
71433 ZK60+12A33 Deep tearing ————

#See Fig. 1 for mechanical properties

WADC TR 54-83 Pt 1 25
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TABLE II
ZK60 AND ZK60 + SA2¢ PLUS MELT ADDITIONS

A) ANALYSES

Nominal Soluble Insoluble

Alloy No. Composition % 2Zn %Zr g2r % Other
70615 ZK60 5.50 0.59 0.04% -——
7096C ZX60-.1 Ca .79 0.61 0.06 0,24 Ca
70961 ZK60-.5MM 2,82 0.60 0.06 0.69 MM
70962 ZK60- 2Th .74 0.66 0.08 1,28 Th
70963 ZK6C- lAg 4,64 0.68 0.06 0.94 Ag
66506 A20 - - - 19,7 Al

- Mixed Pellets -

71178 ZK60 70615) + 5% A20 (66576)
71179 7ZK60-.1 Ca (70960) + " " e
71180 ZK6C-.5 MM (70961) + " " a
71181 ZK60- 2 Th (70962) + " " 2
71182 ZK60- 1 Ag (70963) + " " "

B) WORKABILITY AND CORROSION RESISTANCE

Hot Hot Max.

Alloy Short Rolling Cold Corrosion
No, Composition Limit Ran§e Roiiabllity Rate

(fpm) _ (¥ (%) (med)
70615 ZK69 %0 509 30 0.93
71178 ZK60+5A20 >0 500 22 3.02
70960 ZK50-.2 Ca 6 50 51 .62
71179 ZK50-.2Ca+5A20 6 50 33 1.55
70961 ZK30-.7MM >20 300 37 0.72
71180 ZX30-.7TMM+5A20 )20 500 37 1.32
70962 ZK50-1,.3Th >a0 500 32 0.88
71181 2ZK50-1.3Th+5A20 >20 550 28 1.46
70963 ZK50-.9 Ag 220 550 33 2.05
71182 ZK50-.9Ag+5A20 >20 500 20 3.96

WADC TR 54-82 Pt 1 26
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TABLE II (contd)

ZK60 AND ZK60 + 5A20 PLUS MELT ADDITIONS

C) MECHANICAL PROPERTIES

PSP T

Extrusions - F Rolled Strip - H26
: Alloy 1000 psi 1000 psi
No. Composition ZE TYS __EYE TS %E TY3 _Q_Yg TS NBE
{ 70615  ZK60 14 43 45 54 8 39 25 41 8
3 71178  ZK60+5A20 12 44 44 852 - - - -
E 70960  ZK50-.2Ca 11 49 48 56 9 40 37 49 14
: 71179  2ZX50-.2Ca+5A20 9 48 45 &4 7 42 38 52 8
3 70961  ZK30-.7MM 8 47 43 55 T 4 35 47 9
* T1180  2ZK30-.TMM+5A20 5 48 43 54 - - - -
: 70962  ZK50-1.3Th 12 46 48 55 T 42 35 47 9
i 71181  2K50-1.3Th+5A20 11 46 49 55 -- -~ - --
£ 70963  ZK50-.9Ag 14 43 47 52 7 45 34 51 5

5
71182  ZK50-.9Ag+5A20 11 43 47 852 -~ I o -

WADC TR 54-83 Pt 1 27
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TABLE III

MG-TH-ZN-ZR

A) ANALYSES

Nomiral Soluble Insoluble
Alloy No. Composition % Zn ZZr %Zr % Th
72435 ZK10 1.50 0.64 0.06 --
72437 ZK10-2Th 1.30 0.62 0.05 1.27
72436 ZK60 g.go 0.67 0.01 --
72438 ZK60-2Th .40 0.70 0.09 1.%0
B) PROPERTIES OF PELLET EXTRUSIONS
Hot
Short
Alloy Speed 1000 psi Corrosion
No Composition (fpm) ZE TYS C¥S TS Rate (med)
72435 2ZK10 80 7.5 39.1 32.0 45.9 0.68
72437 2ZK10-1.3Th 18 12.8 43.1 33.% 47.1 0.90
72436 ZK60 30 13.5 40.2 39.8 50.8 5.11
72438 ZK4O-1.4Th 20 10.8 44.9 42,1 51.4 1.70
WADC TR 54-83 Pt 1 28




A) ANALYSES

Alloy

TABLE IV

ZK60-AG-CA-MM-TH

Soluble

Insoluble

No. % Zn %2r %Zr Th ®%$.Cz EMM &% Ag
T2436 5.90 0.67 0.01 - - - -
72576 5.79 0.70 0.02 0.77 == X G
72577 5.21 0.6 0.13 ~- 0.13 - --
72578 5.44 0.6 0.05 - - - 0.94%
72579 6.09 o.gl 0.04 - - 1.09 --
72580 5.88 .80 .08 .50 0.12 - --
72581 6.05 o.h4 0.11 1.47 -e - 0.83
72582 6.01 0.86 0.16 0.46 - 0.99 --
72583 6.16 0.73 0009 = - 0015 bt 0.96
72584 5.98 0058 0001 e 0.11 1.0)4 e
72585 5.80 0.57 0.10 -- -- 0.22 0.96
72586 6.17 0.57 0.11 0.45 ¢.10 == 1.10
72587 6.02 0.52 0.01 0.27 0.11 0.90 -——-
72588 6.02 0.75 0.09 0.86 - 0.92 1.01
72589 5.92 0.62 0.1 - 0.11 1.06 1.06
72590 5.94 0.72 0.07 0.52 0.14 1.00 1.04
B) PROPERTIES OF PELLET EXTRUSIONS

Hot
Short Corrosion
Alloy Addition Speed 1000 psil Rate

No. To_ZK60 (fpm) ZE MS ggﬁ TS _ (med)
724356 - 30 T 55 0 5€ 3.4
72576 Th 20 i 51 9 656 1.6
7257 Ca 20 & 54 1 57 1.3
7257 Ag 22 2 47 8 53 1ie T
7257¢ MM 17 5 53 49 56 1.1
72580 1-Ca 17 4 53 1 55 2.2
72581 Th-Ag 1 2 47 8 54 4.2
72582 Th-MM 1 T 50 46 53 1.2
72583 Ca-Ag 15 12 50 51 56 4.9
72584 Ca~-MM 18 6 50 46 52 1.2
72585 Ag-MM 25 5 2 51 56 1.4
72586 - Th-Ca-Ag 13 11 9 49 54 %.5
72587 Th-Ca-MM 15 2 51 47 53 1.0
72588 Th-Ag-MM 16 4 53 50 5 1.1
72589 Ca-Ag-MM 16 3 53 51 56 1.8
72590 Th-Ca-Ag-MM 17 4 52 50 54 1.1

WADC TR 54-83 Pt 1 29
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TABLE V
ZK60 + Th, Ca, and MM

A) ANALYSES OF NEW PELLET ALLOYS

Nominal Soluble Insoluble
i Alloy No. Composition % Th % Zn %Zr %Zr
73844 ZK60 --  5.56 0.66 0.02
73442 ZK60-.5Th 0.82 5.78 0.77 0.14
T4106 ZK60-2Th 2.04 .50 0.56 0.02
73443 ZK60-3Th 3.33 5.91 0.8% 0.07

B) WCRKABILITY, FORMABILITY, AND CORROSION RESISTANCE

3

,._

§ Alloy Hot Short Min.Bend Corrosion

i No, Composition Limit(fpm) Radius{t) Rate(med)

£ 72436 ZK60 30 11-13 6.3

§ 73844 ZK60 30 11-12 1.07

= T3442 ZK60-0.8Th 25 12-14 30,0

% 72576 ZK60-0.8Th 25 10-11 2.59

1 73586 ZK60-<1.2Th 23 G-10 4.58

3 74106 ZK60-2.0Th 20 ———— -_——

f 73443  ZK60-3.3Th 13 8-11 4.92

' 72579 ZK60-1.,1MM 25 8-10 1.05

E 72577 ZK60-0.1Ca 20 6-8 1.13

£ 72578 7ZK60- .9Ag 25 9-11 1.7

2

§

5

% C) MECHANICAI. PROPERTIES (AGED) Intermedliate

% High Strength Strenggh

- ' 1000 psi 1000 psi

i Alloy No. Composition %E jgg“evg“zg %E ggg'fggg TS

;. 72436 ZK60 11 80 51 56 11 47 46 54
73844 ZK60 T 51 50 56 1] 45 4y 53

73442 ZK60-0.,8Th 3 54 54 58 8 47 48 53
72576 ZK60-0.8Th i 52 52 58 12 46 45 852
73586 ZK60-1.2Th 8 52 652 5§57 6 48 44 52
74106 ZK60-2,.0Th 12 52 50 55 12 48 46 52
73443 ZK60-3.3Th 4 56 50 56 2 48 4y 48
72579 ZK60-1,1MM 5 53 49 56 9 4% 44 50
72577 7ZK60-0.1Ca 13 51 49 56 16 42 41 851
72578 ZK60-.9Ag 2 47 48 53 - - - -

WADC TR 54-83 Pt 1 30
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TABLE VI
ZH61 + Additions

A) ANALYSES

- Nomirnal Soluble Insoluble
Alloy No. Composition ¥ Th % Zn Zr % Zr % Other
72586..P ZH61 1.23 5.89 o.gg 0.10 s
T3R44-P  ZH61-.05Ca 1.27 5.81 0.81 0.07 0.0% ca
T3445-P " o_ oMM 1.26 5.76 0.70 0.06 2.00 MM
73446-P " . 4MM 1.15 5.63 0.60 0.06 3.69 MM
7344g-r " - 3Ag 1.17 5.61 0.7% 0.06 2.76 Ag
7344 -P 5 - 6Ag 1.17 5.34 0.68 0.05 5036 Ag
73hhg_p " _ 1Ba 1.16 5.8% 0.5 0.13 0.90 Ba
73450-F " _ 2¢cd 1.21 5.86 0,81 0.08 1.86 ¢cd
| T73450-1I " . 2cd 1.28 5.82 0.80 0.11 2.43 cd
’ 73451-P " _.2Pd 1.27 5.70 0.73 0.09 0.23 Pd
1 T3452-P " oo 1Ld 0,99 5.69 0.50 0.30 1.08 L1
e T5453-P " -.58r 1,195 5,94 0.69 0.10 0.k4 Sr
k 73455-1 " _B8r  1.17 5.83 o.g; 0.11 0.52 8r
g 7345k -p " _2cu 1,16 5.81 0.81 0.08 1.99 Cu
= 73“‘54"1 5 o= 201.1 1.20 5.81 0.80 0.15 1.96 Cu
3 73455-P " _ 281 1.08 5.87 0.65 0.02 1.65 Bi
T3456-P " _ 2Pb 1.16 6.01 0,75 0.05 1.65 Pb
: 73453-? " _ 1Cr 1,06 6,06 0.97 0.1k 0.0003 Cr
3 T3458-P " _ 2Hg 1.23 5,90 o.go 0.08 1.34% Hg
£ 73458-1 " _ oHg 1.17 5.9 0.87 0.1% 1.26 Hg
E B) WORKABILITY AND FORMABILITY
F Max. Min.
i Hot Short Hot Cold Bend
& Alloy 1§_Eeed Rolling* Roll- Radius***
No. Composition Pelleft Ingot Range(F) ability* Fellet Ingct
73586 ZH61 25 fpm 25 fpm 200%* 31% 9-10 g-l}
73444 ZH61-.05Ca 25 25 nil = 9-12 8-11
72580 " 0.1 Ca 25 - ——w R Smie
72582 " - 1MM 20 e s = Gall mw=we
73845 " - oMM 15 10 100 N7 11-13 6-8
73446 " - hMM 15 15 50 20 14 7-8
734&5 T ZAg 25 20 100 23 6-g 5-7
7344 " - 6Ag 20 15 50 21 6- k-6
734k9 " - 1Ba 18 1C nil - 8-10 6-8
73450 " - 208 25 25 250% % 29 8-10 9-13
73451 7 - ,2Pd 23 15 100%* 27 9 6-13
73452 " - i 25 30 nil = 5-8 5-7
7345 " _ ,58r 20 1C nil _— -10 8-9
T34 " - 2cu 18 10 50%# 34 g-g 5-10
73455 " - 2B1 25 25 nil = -9 6-10
73456 " - 2Pb 23 23 50%* 29 8-10 6-1
7345 " . ,8Cr 25 25 200%* 32 9-10 11-1h
T345 " _ 2Hg 25 40 200%* 32 8-10 11-14
*Hot rolled from ingots
*%Surface checki
##xExtruded strip (F)
WADC TR 54-83 Pt 1 31
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TABLE VI {(Contd)

ZH61 + Additlons

C) MECHANICA), PROPERTIES OF EXTRUSIONS - T5

Alloy Nominal
No. Composition
73586 2ZH61
73444 ZH61-.05Ca
72580 ZH61-.1 Ca
72582 2ZH61- 1 MM
73445 2ZH61- 2 MM
73446 7ZH61- 4 MM
72581 ZH61- 1 Ag
i 4g ZH61- 3 Ag
73448 7ZH61- 6 Ag
73449 ZH61- 1 Ba
73450 2ZH61- 2 Cd
73451 ZH61-.2 P4
73452 ZH61- 1 Li
73422 ZH61-.5 Sr
734 ZH61- 2 Cu
73455 ZH61- 2 Bi
73456 2ZHS61- 2 Pb
T3457 2ZH61-.5 Cr
73458 2ZH61- 1 Hg
Average

D) MECHANICAL

Pellet

1500 pel To00 el
2= C¥S T NeE zE TS CWS T

—
H\O

WOV HNDVOVOYVONO Dy

Ingot
45 37 52
Y 37 51
46 36 %9
B4 38 47
47 42 55
W7 45 55
Ry 38 ‘50
46 36 53
4y 36 51
43 34 49
43 35 50
y7 39 52
k2 35 50
46 39 53
45 38 53
45 38 53
8.3 44.8 37.7 51.4

13
13

6
4

12
6
6

14

13

17
9
S

12

13

13

13

(o)

(o)
HOOOANMGOOWMPHLVIOT I FOONO
184)

o

(o)

)

49
48

= = i%
=

(-

=
WWOWORNAOL OV OO N HFNOOWVWD

10.8 7.5 50.4 48.5 55.1 7.8

PROPERTIES OF SHEET* - H26

Allioy No.

73586
73586
73455
73846

3 e d

[Fandl
73448
75448
e
73454
73457

Nohinal Composition

-oard
-2Ca
-o5Cr

#Rolled from ingots
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TABLE VI (Contd)
ZH61 + Additions

E) CORROSION RATE(mcd) OF EXTRUSIONS (F)

High Reduction Low Reduction
. - Ton o~ d= Balladé

Allgl No., Composition 11OV reiiet 155 12841a8TC

73586 ZH61 .1.79 4 .58 1.83 1.4%

73444 2H61-.05Ca 1.47 1.43 1.90 0.76

72580 " .0.1Ca - 2.23 - 1.11

72582 " o= lm =i 1045 S 0082

3 73445 " . 2MM 0.86 0.91 0.98 0.64
3 73446 " o 4MMm 1.10 1.26 1.38 0.87
; 72581 " - 1Ag ——— 4.57 -——- 5.60
g 73447 " - 3aAg 2.74 6.07 2.28 2.71
& 73448 " - 6Ag BT [ 5.52 2.98 3.25
3 73449 " - 1Ba 1.48 1.19 2.32 0.70
€, 73450 " - 2cd 2.91 1.56 1.36 1.24
. 73451 " _-0.2Fd 18.07 2.23 3.20 1.50

E' 73452 i b 1.23 1.11 1.43 0.T4
% 73453 " -0.58r 1.55 1.51 1.70 0.65
g 73454 " . 20u 2.48 1.77 '6.09 1.80
- 73455 " - ©2Bi 23 7.72 19.1 6.28

‘ 73456 " - 2rd >100 1.24% 81. 0.49

73457 . -o .SCI' 1.11" 1029 1045 0.92

73458 " - 1Hg 1.78 1.36 2.25 0.95

WADC TR 54-83 Pt 1 33




TABLE, VII
Mg-Ag-Zn-Zr + Th and Rare Earths

A) ANALYSES

Alloy Nomilnal Soluble Insoluble
No. Composition % Az % Zn %Zr . YAy % Other
75231 Qz66 5.85 5.84 0.58 0.16 -
72‘206 Q266-02m 6901 5.2‘3 0069 0008 0920 HM
74207 QZ66- 1MM 5.88 4.47 0.67 0.05 1.06 MM
74208 QzZ65- 2MM 5.90 4.49 0,66 0.10 2.04 MM
75232 Qz66- 2MM 5.91 5.97 0.75 0.13 i1.91 MM
75235 QzZ66- 2D1 5.85 5.91 0.73 .12 2.21 Di
75308 QZ65- 2Th 5.87 6.09 0.72 0.06 2.10 Th
75230 QZ66- 3Th 5:91‘ 6006 0077 Oolu 2093 Th
75233 QZ§3 5.97 3.07 0.71 0.05 =i
T4209 QZ263-.2MM 5.88 2.69 0.67 0.04% 0.19 MM
74210 QZ63- 1MM 5.76 2.67 0.66 0.04 1.01 MM
74211 QZ63- 2MM 5.80 2.71 0,68 0.0% 2.0 MM
75234 QzZ63- 2Th 5.91 3,03 0.81 0.03 2.01 Th
74204 2Q63-.2MM 2.83 5,62 0.77 0.07 0.20 MM
74205 2Q63~ 1MM 2.90 5.74 0.81 0.06 1.05 MM
74135 2ZQ63- 2MM 2.90 5.77 0.70 0.10 2.45 MM
B) WORKABILITY
Eot Roclling
Alloy Nominal Hot Short Range (F) Max. Cold
No. Composition Speed (fpm) Ingots Extrusions Reduction (%)
75231 QZ66 5-3 50 100 —_——
74206 QZ66-,.2MM 6- 50 100 22
TH207 QZ66- 1MM 10-12 50 100 24
74208 QZ66- 2MM 12-15 nil 100 35
75232 QzZ66- 2MM 10-12 -—- -—— -~
752%5 Q2Z66- 2Di 8-10 - -—— --
75308 Qz66- 2Th 10-12 - —— -
75230 QZ66- 3Th 10-12 -- ——— ———
75233 QZ63 12-15 100 150 -
74209 QZ63-.2MM 10-12 100 150 37
74210 QZ63-1 MM 12-15 100 150 ko
74211 QZ63- 2MM 10-12 50 150 45
75234 Qz63- 2Th 20-25 -- -—— --
T4204 2Z2Q63-.2MM 6-8 nil 50 22
74205 2ZQ63- 1MM 14-16 nil 100 29
74135 ZQ63- 2MM 18-20 nil 100 37
-3
WADC TR 54-83 Pt 1 34 %
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TABLE VII (contd)
Mg--Ag-Zn-Zr+Th and Rare EXarths

C) _PROPERTIES OF AGED EXTRUSIONS (T5)

Highest Strength * Lowest Strength#*
Alloy Nominal 1000 paTl 1000 psi
No..  Composition gE TYS CYS TS gE TS CYS T8
75231 Qz66 y 49 53 56 e il == e
75232 QZ56-2MM 5 ko 55 658 6 45 45 54
75235 QZ66-2D1 5 50 54 56 = = os we
75308 QZ66-2Th 6 50 5% 56 6 43 43 54
i 75233 QZ63 8 45 50 54 il by 34 55
£ T4211 Qz63-2MM 7 45 49 54 8 40 34 51
, 75234 QZ63-2Th 8 47 49 55 6 42 35 52
1 T4135  2Q63-2MM 6 46 47 55 9 42 40 52
: *Obtained on laboratory extrusions-T5
D) CORROSION RESISTANCE AND FORMABILITY
Nominal Min.Bend* Corrosion Rate(mecd)*
Alloy No. Composition Radius(t) r 15
75231 Qz66 5-6 3.04 3.42
74206 Q766- . 2MM 5-7 5.3/7 -——-
T4207 QZ66-1MM 4-6 4,30 = ccaaa
74208 Qz66-2MM 4.9 3.02 ———-
75232 Qz66-2MM 5-6 h.48 3.63
75235 QZ66-2D1 4.6 5.27 3.68
75308 RZ66-2Th 4.6 5.53 4.68
75230 QZ266-3Th 5-6 5.41 4,18
75233 0zZ63 g-12 h.55 3.53
T4209 ¢263%-.2MM 4-8 7 SE==
74210 Q26%-1MM 5-8 5.48 ————
74211 QZ63-2MM 6-8 7 P—
75234 QZ63-2Th 5-6 5.08 3.78
T4204 ZQ63-.2MM -7 4.9/7 _———-
T4205 ZQ63-1MM 2-9 4.15 ———
T4135 Z2Q63-2MM -9 2.91 -————
#Extruded strip (F)
WADC TR 54-83 Pt 1 35
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A) ANALYSES

TABLE VIII
Mg-MM-Th-Zn-2r

Alloy Soluble Insoluble
No Composition MM £Th % Zn XZr y YA
78986 ZE42 - 1Th 1,00 1:16 3.93 0.82 0.03
74087 ZE41 - 2Th 0.91 2.18 3,86 0.84 0.03
74984 ZE61 - 2Th 1.00 2.04 5.80 0.81 0.05
74985 ZE61 - 3Th 0.97 3.08 6.02 0.78 0.08
Hot
B) WORKABILITY Rolling
Nominal Hot short Range(F; Max. Cold
Alloy No. Compositicn Speed(fpm) Reduction(%)
74986 ZE41 - 1Th 5 250 250 55
74987 ZE41 - 2Th 5 20¢ 250 k9
T4984% ZE61 - 2Th 5 200 200 E0
74985 ZE61 - 3Th 7 100 200 58
C) MECHANICAL PROPERTIES
Sheet - H26 Extrusions -T5
Alley Nominal 1000 psi R ]
No. Composition ¥E TYS §g§ TS E TYS C¥S _1is3
AZ31 8 36 31 43 a= - - --
74986 2ZE&1-1Th 8 40 40 49 11 53 43 54
73987 ZE41-2Th 6 4 39 4o 12 51 '3 | 52
74984 ZE61-2Th ) 21 41 50 1¢ 54 k% 55
78085 ZEg61-3Th 8 42 42 50 11 ¢ 43 51
ZK60 - - —— - 10 3 41 52
D) FORMABILITY AND CORROSION KESISTANCE
’ Nominal Min. Bend#® Corrosion*
Alloy No. Composition Radius(*) Rate(med)
74986 ZE41 - 1Th 8 0.52
74987 ZE41 - 2Th 8 4.07
74984 ZE61 - 2Th 8 1.92
74985 ZE61 - 3Th 6 3.4
#Extruded strip (F)
WADC TR 54-83 Pt 1 36
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Fig. 1 -~ Properties of ZK and ZK + A33

" .
] /, I XTs .8
S T
Mo s
' ‘3‘ !_-‘ :L--'-“—‘ _____
o i . : [ ]
: A E
¥ ZRRPASE < | T ZRERAZZT |
0- ASX-~ ) 50| RED) 0 -ASX-1501 RED,
0-750'-180:(RE B-750'- 150 RED. |
ﬂ-AS)f -10{ RED. J-ASX-10:1RED.
#-T50'-10:| RED. ¥-T50"10: RED,
NS 1 - - - /I,—ﬂ ------
LM | "

e O F- m— o

r
A
|

——

TensiLg YieLp S‘llLRENGTH e SRS (R

I
ComPressiVE YIEUD STRENG
50 SRS n s

/# \

o ! 2 3 4 5 G i
Per Cent Zinc i
WADC TR 54-63 Pt 1 37 !




Flg. 2
Microstructure of Mg-Zn-Zr Pellef. Extrusions

Neg. 31615
Alloy No. 71l422
Etchant-Glycol

Neg. 31622
Alloy No. 7il2k
Etchant-Glyeol

Neg. 31618
Alloy No. 71426
Etchant-Glycol
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Fig. 2 (Continued)
Microstructure of Mg-Zn-Zr Pellet Extrusions

B Neg. 31619
Alloy No. 71k28
» Etchant-Glycol

5. 71620 o
loy No. 31620 :
Etchent-Glycol

o
&
1

1000X
e. 2Zkho

Neg. 21621
Alloy No. 7132
Etchant-Glycol

1000X%
r. 2ZK6c
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Fig. 3
Effect of Melt Additions on the Microstructure of ZK60 Pellet Extrusions

Etchant-Acetic Pilcral

Neg. 31123 1000X
Alloy No. 70260 b. ZK%50-.2Ca
Etchant-Acetic Plcrsl
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Fig. 3(Continued)

Effect of Melt Additions on the Microstructure of ZK60 Pellet Extrusions

Neg. 31126
Alloy No. 70961
Etchant: Acctic Picral

Eterant: Acetic Picral

1000X
d. 2ZK50-1.3Th

Neg. 31128
Alloy No. 70963
Etchant: Acetlc Plcral

1000X
e. ZK50-.%Ag
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Fig. 4 Plate 1

Cast Microstructure of ZH61 Plus Additions- Ingots

H

E ) .I.. " § i : i

; Neg. No. 33169 200X Neg. No. 33170 200X
1 Alloy No. 73586 Alloy No. 73586 .

] Etchant: Glycol Etchant: Glycol

] AC SHT

: a) ZH61 Base

3

B L Tl T

Neg. Nu. 33175 200X  Nsg. No. 33176 200X
Alloy No. 7344k Alloy No. 73444
Etchant: Glycol Etchant: Glycol

AC SHT

b) ZH61-0.05 Ca
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Fig. 4 Plate 2

Cast Microatructure of ZH61l Plus Additjons-Ingots
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£ "Neg. No. 33171 200X  Neg. No. 35112
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Fig. 4 Plate 3

Cast Microstructure of ZH61 Plus Additions - Ingots
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Alloy No. 73447 Alloy No. T3447
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Fig. 4 Plate 4

’ Cast Microstructure of ZH61 Plus Additions - Ingots
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Neg No. 33198 200X Neg. No., 33178 200
Alloy No., T3449 Alloy No. T344S
Etchant: Glycol tzhant: Glycol
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g) ZH6l-1 Ba

‘Neg. No. 33199 200X  Neg. No. 33200 200X

Allcy No. 73450 Alloy No. 73450
Etchant: @Glycol Etchant: Glycol
AC SHT

h) 2H61- 2 cd
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Fig. 4 Plate
Casi Microstructure of ZK61 Plus Additions - Ingots

Neg. No. 33193 200X Neg. No. 33194 200X
Alloy No. 73451 Alioy No. 73451
i Etchant: Glycol Etchant: Glycol
AC SHT

1) 2H61 - 0.2 Pd

Nasg. No. 33201 200X
Alloy No. 73452
Etchant: Glyecol
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J) ZH61-1 L1
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§ Fig. 4 Plate 6

' Cast Microstructure of ZH61 Plus Additions - Ingots
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Neg. No. 33202 200X  Neg. No. 33203 200X
Alloy No. 73453 Alloy No. 73453
Etchant: Glycol Etchant: Glycol
AC SHT
g k) ZH61-0,.5 Sr

Neg. No. 33204 200X Neg. No. 33205 200X
Alloy No. 73454 Alloy No. 73454
Etechant: Glycol Etchant: Glycol

AC SHT
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Neg. No. 33206

Alloy No. T3455

Etchant: GQlyeol
AC

Neg. Ro. 33208

Alloy No. 73456

Etchant: 3lycol
AC

WADC TR 5%-83 Pt 1

Fig. 4 Plate 7

Cast Microstructure of ZH61 Plus Additions - Ingots
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m) ZH61 - 2 Bi

200X Neg. No. 33209
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n) ZH61- 2 Pb
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Fig. & Plate 8
¢ Cast Microstructure of ZH61 Plus Additions - Ingots

Ry e

Neg. No. 33210 200X Neg. No. 33211 200X

Alloy No. 73457 Alloy No. 73457
Etchant: Glycol Etchant: Glycol
AC SHT
. o) 2H61 -1 cCr

Neg. No. 32212 200X Neg. No. 33213 200X
Alloy No. 73458 Alloy No. T3458
Etchant: Glycol Etechant: Glycol
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p) ZH61 - 2 Hg
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Fig. 5
Cast Microstructure of ZH61 Plus Additions - Pellets

Neg. No. 33918 500X Neg. No. 33914
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Etchant: Glycol Etchant: Glycel
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Neg. No. 33912 500X Neg. No. 33917
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c) ZH61 - 6 Ag d) 2H6l1 - 2 Cu
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Fig. 6

Microstructure of ZHE1 Extrusions Containing Melt Additions
a) ZH61 Base

Rl s

N2g. No. 33214 500X Neg. No. 33215 500X
Alloy No. 73586 Alloy No. 73586
Etchant: Acetic Plcral Etchant: fsetlc Picrai

Ingot Pellet

Low Reduction Extrusions

Neg. No. 33225 500X Neg. No. 3322§ 500X
Alloy No. 73586 Alloy Mo. 73586
Etchant: Acetlc Picral Etchant: Acetic Plcral

Ingot Pellet

o

High Reductlon Extrusions
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Fig. 6 (Contd)

Microstruscture of ZH61 Extrusions Containing Melt Additions
b) 2ZH61- 2 MM

Neg. No. 33216 500X Neg. No. 33217 500X
Alloy No. 73445 Alloy No. 73445
Etchant: Acetic Picral Etchant: Azetic Picral

Ingot - Pellet

Low Reduction Extrusions

Neg. No. 33223 500X Neg . No. 33222 500X
Alloy No. 73445 Alloy No. 73445
Etchant: Acetic Picral Etchant: Acetic Picral

Ingot Pellet

High Reduction Extrusions
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Fig. 6 {Contd)

Microstructure of ZH61 Extrusions Containing Melt Additions
c) 2ZH61-6 Ag

Neg. No. 33218 500X Neg. No. 33213

Alloy No. 73448 Alloy No. 73448

Etchant: Acetic FPilcral Etchant: Acetlc Picral
Ingot Pellet

Low Reduction Extrusions

Neg. No. 33221 50CX Neg. No. 33220

Alloy Nc. 73448 Alloy No. 73448

Etehant: Acetic Picral Etchant: Acetic Picrail
Ingot Pellet

High Reduction Extrusions
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Pig. 7

Cast Micrcsiructure of Mg-Ag-MM-Zn-2r
a) Qz66

Neg. 33971 Alloy No. Th20T

Neg. 33972 Alloy No. T4208 :

-MM

Qz266- 2MM

Etchant: Phospho Picral; M=g.
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Figo 7 (CO'ﬂtd)
Cast Microstructure of Mg-Ag-MM-Zn-Zr

B) Qz63-MM
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Fig. 7 (contd)
Cast Microstructure of Mg-Ag-MM-Zn-Zr
c) 79 63-MM
AC SHT
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Neg. 33966 Alloy No. T4135 : 2Q 63-2MM Neg. 33969

Etchant: Phospho Picral Mag 250X
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